TITLE OF THE INVENTION 

DISPLAY SYSTEM FOR AN AIRCRAFT 



CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This application is a divisional application of published U.S. Patent Application No. 
10/261,484, filed October 2, 2002, which claims priority under 35 U.S.C. § 1 19 to French 
Patent Application 01 14451, filed on November 8, 2001, the entire disclosures of which are 
both incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to an aircraft display system for aiding the piloting of an 
aircraft. 

Discussion of the Background 

[0003] It is known that, to aid a pilot of an aircraft, for example of a transport plane, to 
manage the piloting, it is customary for the values of parameters which are representative of 
the flight, such as the speed of the aircraft, to be presented on a particular indicator or a 
piloting screen (such as a PFD ("Primary Flight Display") screen for example). 
[0004] On a PFD piloting screen there is depicted, in general, in this case, in addition to the 
speed, a minimum allowable limit value for this speed. This minimum value or speed (which 
can vary as a function of diverse parameters) corresponds to the maximum allowable angle of 
incidence, beyond which the aircraft is subject to a stalling phenomenon. When he wishes to 
engage a maneuver, a pilot can visually check the margin available between the current speed 
of the aircraft and the limit value. If this margin tends to become zero, he knows that his 
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action on a control stick is at risk of not being able to be carried out correctly by the aircraft 
(risk of stalling or activation of the protection facilities of the flight control laws). 
[0005] On certain aircraft, the pilot is furnished with a "head up" viewfmder HUD ("Head 
Up Display"), on which is displayed the direction of the speed vector of the aircraft. The 
document U.S. Pat. No. 5,808,563 describes for example such a viewfmder. The use of this 
viewfmder is especially suited to the take-off and landing phases. However, it exhibits 
drawbacks during the other phases of flight. For example, when piloting a military aircraft by 
sight, at low altitude, the speed vector, superimposed on the view of the outside world 
through the windshield, indicates the point toward which the aircraft is directed, without 
however being representative of the magnitude of the speed. The pilot is therefore furnished 
with instrument-based piloting information in the HUD viewfmder so as to maneuver the 
aircraft correctly under conditions demanding sustained attention to the outside environment 
(for example: presence of nearby reliefs), without having to avert his gaze from this 
environment visible through the windshield. He is thus furnished with information depicted 
on the HUD viewfmder. 

[0006] However, the pilot is not furnished with the information depicted on the PFD piloting 
screen. Specifically, for reasons on the one hand of clarity and of readability of the 
information and, on the other hand, of visibility through the windshield, it is not desirable to 
present all the information on the HUD viewfmder. In particular, the current speed of the 
aircraft and the limit value of the speed cannot be depicted clearly as on a PFD piloting 
screen. Yet, when the margin between these two items of speed information is disregarded, if 
the pilot attempts for example to pitch the nose of the aircraft up (by pulling on the control 
stick) in order to clear a relief although this margin is already substantially zero, the aircraft 
will not be able to respond to this action and will not modify its trajectory as desired, thus 
running the risk of striking the relief. 
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SUMMARY OF THE INVENTION 
[0007] The object of the present invention is to remedy these drawbacks. It relates to a 
process for aiding the piloting of an aircraft, making it possible for a pilot of the aircraft to be 
presented with information which is important for the management of piloting. 
[0008] For this purpose, the process, according to which a first characteristic sign illustrating 
a speed vector of the aircraft is presented on a display screen, is noteworthy, according to the 
invention, in that moreover at least one longitudinal margin of maneuver of the aircraft is 
determined, which is expressed as a load factor and which relates to one of the two 
maneuvers of pitch-up and of pitch-down of the aircraft. Also, at least one second 
characteristic sign which is associated with the first characteristic sign and which illustrates 
the longitudinal margin of maneuver is presented on the display screen. 
[0009] Thus, by virtue of the invention, the pilot is presented with a longitudinal margin of 
maneuver which may be defined as the difference between an allowable limit value and the 
current value of a quantity characteristic of the longitudinal motion of the aircraft. This 
longitudinal margin of maneuver therefore represents the domain of maneuver accessible to 
the pilot in order to comply with the operational limitations of the aircraft. The invention is 
therefore especially well suited to an HUD viewfinder. 

[0010] It will moreover be noted that, contrary to the information usually displayed on a 
PFD piloting screen including as stated above a speed margin, the longitudinal margin of 
maneuver in accordance with the present invention is expressed in terms of load factor. 
[0011] This gives rise to several important advantages. A first advantage is related to the fact 
that the load factor is more representative of the dynamic behavior of the aircraft than is a 
value such as the speed. Thus, under certain flight conditions, a margin expressed in terms of 
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load factor is more representative of the margin of maneuver of the aircraft than a margin 
expressed in terms of speed. 

[0012] Furthermore, under the assumption that the calculations leading to the establishment 
of the margin of maneuver call upon approximations consisting in linearizing flight 
mechanics equations over a domain close to the instantaneous conditions of flight of the 
aircraft, the errors due to the approximations are lower when the margin of maneuver is 
calculated in terms of load factor than when it is calculated in terms of speed. 
[0013] Another advantage appearing when using an HUD viewfmder results from the fact 
that the depiction on the HUD viewfmder is carried out in a plane which is perpendicular to 
the longitudinal axis of the aircraft. Thus, it is more ergonomic to provide a margin of 
maneuver expressed as a load factor Nz, hence along the vertical axis which is included in the 
plane of the HUD viewfmder, rather than a speed margin, which corresponds to information 
along the longitudinal axis which is perpendicular to the plane of the HUD viewfmder. 
[0014] Additionally, in the case where the aircraft's flight controls are such that the 
commands entered by the pilot by means of the control stick are expressed, along the vertical 
axis, as a load factor Nz, the longitudinal margin of maneuver also has the advantage of being 
homogeneous with the actions of the pilot on the control stick. 

[0015] Advantageously, two longitudinal margins of maneuver are determined which relate 
respectively to the pitch-up maneuver and to the pitch-down maneuver of the aircraft and two 
second corresponding characteristic signs are presented on the display screen. 
[0016] Furthermore, advantageously, the second characteristic sign is presented on the 
display screen in such a way that the distance between the first and second characteristic 
signs is proportional to the longitudinal margin of maneuver. 

[0017] In a preferred embodiment, the second characteristic sign is presented on the display 
screen only if the longitudinal margin of maneuver is less than a predetermined value. This 
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makes it possible not to overload the display screen when the margin of maneuver is 

sufficient to be able to maneuver the aircraft with no risk of limitation. 

[0018] In a particular embodiment, the most constraining margin of maneuver between a 

first load factor margin and a second margin is determined as longitudinal margin of 

maneuver. 

[0019] In this case, firstly, to determine the margin of maneuver relating to the pitch-up 
maneuver, the second margin advantageously corresponds to an angle of incidence margin 
Acl 

[0020] Preferably, the angle of incidence margin Aa is calculated from the following 
expression: 



in which: 

Nz is the load factor; 

ANmax is the maximum value of margin of maneuver depicted; 

a is the angle of incidence; 

omax is the maximum angle of incidence; and 

oO is the zero lift angle of incidence. 
[0021] Furthermore, secondly, to determine the margin of maneuver relating to the pitch- 
down maneuver, the second margin advantageously corresponds to a speed margin AV. 
[0022] Preferably, the speed margin AV is calculated from the following expression: 





in which: 



Nz is the load factor; 



ANmax is the maximum value of margin of maneuver depicted; 
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V is the speed of the aircraft; 

Vmax is the maximum speed of the aircraft; 

(dV/dt) is the derivative with respect to time of the speed V; and 

Kp and Kd are predetermined parameters. 
[0023] The present invention also relates to a device for aiding the piloting of an aircraft, 
which is able to implement the described process. 

[0024] According to the invention, the device of the type includes means of determination 
for determining a speed vector of the aircraft and means of depiction for presenting on a 
display screen a first characteristic sign illustrating the speed vector of the aircraft. The 
device also includes auxiliary means of determination for determining at least one 
longitudinal margin of maneuver of the aircraft, which is expressed as a load factor and 
which relates to one of the two maneuvers of pitch-up and of pitch-down of the aircraft, and 
in that the means of depiction moreover present, on the display screen, at least one second 
characteristic sign which is associated with the first characteristic sign and which illustrates 
the longitudinal margin of maneuver. 

[0025] Preferably, the auxiliary means of determination include first means for determining a 
longitudinal margin of maneuver which relates to a pitch-up maneuver of the aircraft and 
second means for determining a longitudinal margin of maneuver which relates to a pitch- 
down maneuver of the aircraft. 

[0026] The present invention moreover relates to an aircraft, in particular a transport plane, 
which is equipped with a device for aiding piloting such as that stated above. 

BRIEF DESCRIPTION OF THE DRAWING(S) 
[0027] The figures of the appended drawing will clearly elucidate the manner in which the 
invention may be embodied. In these figures, identical references denote similar elements. 
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[0028] FIG. 1 is the schematic diagram of a device for aiding piloting in accordance with the 
invention. 

[0029] FIGS. 2 and 3 show the presentation on a display screen of characteristic signs which 
illustrate longitudinal margins of maneuver relating, respectively, to pitch-up and pitch-down 
maneuvers. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0030] The device 1 in accordance with the invention and represented diagrammatically in 
FIG. 1 is carried on board an aircraft, for example a transport plane, not represented, and is 
intended to aid a pilot of the aircraft to manage the piloting. 

[0031] The device 1 includes in a known manner means 2, of standard type, which receive 
information via a link 3 and which determine in a standard manner the value of a speed vector 
of the aircraft. The device 1 also includes means of depiction 4 which are connected by a link 
5 to the means 2 so as to present, in a standard manner, on a display screen 6, a first 
characteristic sign SI (represented in FIGS. 2 and 3) which illustrates the speed vector of the 
aircraft. 

[0032] According to the invention, the device 1 moreover includes auxiliary means 7 for 
determining at least one longitudinal margin of maneuver of the aircraft, which is expressed 
as a load factor Nz and which relates to one of the two maneuvers of pitch-up and of pitch- 
down of the aircraft. Within the framework of the present invention, the longitudinal margin 
of maneuver can be defined as the difference between an allowable limit value and the 
current value of a quantity characteristic of the longitudinal motion of the aircraft. This 
longitudinal margin of maneuver therefore represents the domain of maneuver accessible to 
the pilot in order to comply with the operational limitations of the aircraft. In a preferred 
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embodiment of the invention, the means 2 and the auxiliary means 7 are grouped together as 
a single central unit 25. 

[0033] The means of depiction 4 moreover present, on the display screen 6, at least one 
second characteristic sign S2, S3 (FIGS. 2 and 3) which is associated with the first 
characteristic sign SI and which illustrates the longitudinal margin of maneuver. 
[0034] The longitudinal margin of maneuver which is, according to the invention, expressed 
in terms of load factor Nz exhibits numerous advantages, and, in particular, better 
representation of the dynamic behavior of the aircraft, homogeneity with certain actions of a 
pilot on a control member of the aircraft, and simplification of depiction, since the 
longitudinal margin of maneuver is defined in the plane of the screen 6. 
[0035] According to the invention, the auxiliary means 7 include first means 9 for 
determining a longitudinal margin of maneuver which relates to a pitch-up maneuver of the 
aircraft and which is presented by a second characteristic sign S2 (FIG. 2), and second means 
10 for determining a longitudinal margin of maneuver which relates to a pitch-down 
maneuver of the aircraft and which is presented by a second characteristic sign S3 (FIG. 3). 
[0036] In a preferred embodiment shown in FIGS. 2 and 3, the first characteristic sign SI, 
illustrating the speed vector, is represented in the form of a diamond, and the second 
characteristic sign S2, S3, illustrating the longitudinal margin of maneuver, is represented in 
the form of a chevron, which is arranged above (pitch-up) or below (pitch-down) the first 
characteristic sign S 1 . 

[0037] Moreover, according to the invention, each second characteristic sign S2, S3 is 
presented on the display screen 6 in such a way that the distance Dl, D2 between the first 
characteristic sign SI and this second characteristic sign S2, S3 is proportional to the 
corresponding longitudinal margin of maneuver, determined by the auxiliary means 7. 
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[0038] Thus, according to the invention, the distance Dl (FIG. 2) between the signs SI and 
S2 is proportional to the longitudinal margin of maneuver relating to a pitch-up maneuver, 
and the distance D2 (FIG. 3) between the signs SI and S3 is proportional to the longitudinal 
margin of maneuver relating to a pitch-down maneuver. 

[0039] Additionally, as shown in FIG. 2, the second characteristic sign S2 is presented on the 
display screen 6 only if the longitudinal margin of maneuver is less than a predetermined 
value ANmax (illustrated by a dashed chevron SO), that is to say only if the distance Dl is 
less than a predetermined distance D3. 

[0040] The means 9 for determining the longitudinal margin of maneuver relating to a pitch- 
up maneuver include means 1 1 for determining, as longitudinal margin of maneuver, the most 
constraining margin of maneuver between a first load factor margin ANzc determined by a 
means of calculation 12 and received via a link 13, and a second angle of incidence margin 
Aa determined by a means of calculation 14 and received via a link 15. 
[0041] Of course, as indicated previously, according to the invention these margins ANzc 
and Aa are both expressed in terms of load factor Nz. 

[0042] The means 1 1 which at each instant take into account the most constraining margin 
therefore choose the smaller of the two margins. 

[0043] Moreover, as indicated previously, the margin available at the output of the means 1 1 
is not depicted by the means 4 unless it is less than the value ANmax (chevron SO). This 
makes it possible not to overload the depiction when the margin is sufficient to be able to 
maneuver the aircraft with no risk of limitation related to the load factor Nz or to the angle of 
incidence ol 

[0044] The load factor margin ANzc which is calculated by the means of calculation 12, on 
the basis of information received via a link 16, is equal to the difference between the 
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maximum permitted load factor Nzmax and the current load factor Nz. In order to be depicted 
correctly on the screen 6, this difference is of course scaled. 

[0045] Preferably, the following formula is used to calculate the value depicted ANzc: 



[0046] By convention, the value depicted ANzc is equal to 0 when the margin is equal to the 
maximum value depicted ANmax (the characteristic sign S2 representing the margin is far 
away from the maximum of the speed vector SI on the screen 6 and lies on S3), and it is 
equal to 1 when the margin is zero (the characteristic sign S2 representing the margin then 
lies on the speed vector SI on the screen 6). 

[0047] As regards the angle of incidence margin Act, which is calculated by the means of 
calculation 14 on the basis of information received via a link 17, it is equal to the difference 
between the maximum permitted angle of incidence omax and the current angle of incidence 

CL 

[0048] As was indicated previously, in order to be depicted correctly on the screen 6, this 
distance is first converted into a load factor Nz, then scaled. 

[0049] By firstly writing the equation of lift of the aircraft for the angles of incidence a and 
omax, we obtain: 



VNzM.g = \/2.psV\Cza.{a-aO) 

[Nz(a mzx)M .g = 1 / 2.p.s.V 2 ,Cza.(a max- a0) 

where: 

M is the mass of the aircraft; 

g is the acceleration due to gravity; 

p is the density of the air; 

s is a reference area (flying surface); 

V is the speed of the aircraft with respect to the air; 



ANzc = 1 - 



Nz max- Nz 
AN max 



(forNz < Nz max) 
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Cza is the lift gradient; and 



oO is the zero lift angle of incidence, from which we deduce: 



Nz(a max) = Nz 



amax-aO 



a-aO 



[0050] In a manner similar to ANzc, we define Aa by the following equation which takes 
account of its scaling: 



[0051] As previously for ANzc, the value depicted Aa is equal to 0 when the margin is equal 
to the maximum value ANmax (the characteristic sign S2 representing the margin is far away 
from the maximum of the speed vector SI on the screen 6 and lies on S3), and it is equal to 1 
when the margin is zero (the characteristic sign S2 representing the margin then touches the 
speed vector SI on the screen 6). 

[0052] In a preferred but nonexclusive manner, the value of omax (which depends in 
particular on the value of the Mach number and on the configuration of the aircraft (position 
of the flaps, etc)) is output by a computer (not represented) carried on board the aircraft, this 
computer using or otherwise providing the value for other applications (piloting laws, flight 
controls, etc). 

[0053] In a preferred embodiment of the invention relating to a civil or military transport 
plane, we take a value ANmax equal to 0.5 g, the value Nzmax being for its part substantially 
equal to 2.5 g or 2 g as a function of the configuration of the aircraft. 
[0054] Additionally, the means 10 for determining the longitudinal margin of maneuver 
relating to a pitch-down maneuver include means 1 8 for determining, as longitudinal margin 
of maneuver, the most constraining margin of maneuver between a first load factor margin 




by replacing Nz(omax) by the value arising from the equation above, we obtain: 
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ANzp determined by a means of calculation 19 and received via a link 20, and a second speed 
margin AV determined by a means of calculation 21 and received via a link 22. 
[0100] Of course, as indicated previously, according to the invention these margins ANzp 
and AV are both expressed in terms of load factor Nz. 

[0101] The means 18 which at each instant take into account the most constraining margin 
therefore choose the smaller of the above two margins. 

[0102] Furthermore, as indicated previously, the margin available at the output of the means 
18 is not depicted by the means 4 unless it is less than the value ANmax. This makes it 
possible not to overload the depiction when the margin is sufficient to be able to maneuver 
the aircraft with no risk of limitation. 

[0103] The load factor margin ANzp (for pitch-down) which is calculated by the means of 
calculation 19, on the basis of information received via a link 23, is determined in a manner 
similar to the margin ANzc (for pitch-up) stated above, using the expression: 



[0104] Additionally, the speed margin AV which is calculated by the means of calculation 
21, on the basis of information received via a link 24, is equal to the difference between the 
maximum permitted speed Vmax and the current speed V of the aircraft. In the same way as 
for the angle of incidence margin Aa, in order to be depicted correctly on the screen 6, this 
difference is first converted into a load factor Nz, then scaled. The conversion is obtained by 
using an equation which calculates a minimum load factor (which can be denoted NzminV so 
as to distinguish it from Nzmin), as a function on the one hand of the discrepancy between 
the current speed V and a speed to be attained (Vtarget) and, on the other hand, of an 
anticipator term dependent on the derivative of the speed. This equation is the following: 




NzminV=Kp(V-Vtarget)+Kd(dV/dt). 
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[0105] In the present case, the speed to be attained (Vtarget) may be regarded as Vmax and, 
consequently, the equation making it possible to perform the conversion in terms of load 
factor becomes: 

NzminV=-Kp(Vmax-V)+Kd(dV/dt). 
[0106] In a manner similar to ANzp, we define AV by the following equation which takes 
account of its scaling 



[0107] By incorporating into this equation the value of NzminV arising from the previous 
equation, we obtain the formula giving the value AV: 
\Nz + Kp(V max- V) - Kd{dV I dt) 1 
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